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(54) Down conversFon mixer 

(57) A quadrature down convortor comprises two 
channels, each of said channels comprising two parallel 
signal paths. Each of said signal path comprises a mtxer 
mixing the signal for down converskm with an oscillator 
signal. In the in-phaso channel the mhcers receive the 
oscillator signal shifted C and 180* in phase, respec- 



th^oly. In the quadrature-phase channel the mixers re- 
ceive the oscillator signal shifted 90' and 270» in phase, 
rospcctively. By filtering and combining (adding/sub- 
tracting) the signals from the signal paths In each of sakJ 
channels, the disturbing second order terms from the 
mixers may bo substantially eliminated. 



< 

o 

Q. 

UJ 



INPUT 




LOCAL OSCILUTOR WITH 0 
AND 90 DEGREES OUTPUT 



90 DEO. 



180 
DEQ. 



'17 



1 



10 



T 



'18 




23 /^->vQ OUTPUT 



PrW«<J by Jouvt. 7S001 PARIS (FR) 



EP0 877 476A1 

Description 

The invention relates to a method of down-converting a high-frequency signal, and a down conversion mixer and 
ospocialV a quadrature down conversion mixer for carrying out the method. The invention furthermore relates to a 
s phone having such a down conversion. 

In a traditional super heterodyne receiver, non-linearities of second order will result In mixer products that are far 
away in frequency from the IF signal at the output. These undesired signals can therefore be removed by the IF filter. 
The dominant non-ltnearilies In the conventional super heterodyne receivers are therefore the 3rd order intermodulatlon 
products. 

10 In a direct conversion receiver, however, mixer non-linearities of second order will result in the down conversion 
of any signal, presented to the mixer input, to a baseband signal. A pure carrier will thus givo rise to a DC signal at the 
output, while an AM modulated signal will result In a tow-pass baseband signal whose spectral contents might overlap 
the desired signal. 

High suppression of second order products In the mixer Is therefore of great Importance, and lack of sufficient 
IS second order suppression has often been one of the reasons why the direct conversion receiver has been discarded 
as a realistic altemativo to the conventional super heterodyne receiver 

Generally, the manufacturers of the mixers are able to suppress the second part of the expression (8) to a level 
which is 40-50 dB below the level of the first part ol the expression. However, in GSM phase II an AM rejection to at 
least 70 dB is required. 

^ In accordance with an aspect of the Invention there is provided a method comprising branching the signal into two 
parallel signal paths, providing an oscillator signal, mixing the signal in each of said two parallel signal paths with the 
oscillator signal relatively shifted 0* and ISO', respectively, low-pass filtering the signals, and combining said two 
signals into a single output signal such that the second order effects are substantially leveled out. By combining the 
signals from the two signal paths, a substantial suppression of the second order mixing products may be obtained. 

The invention provides a method which can be used to obtain very high suppression of second order non-linearities 
in a down conversion mixer. 

In accordance with a second aspect of the present Invention there Is provided a method of down-converting a high- 
frequency signal and comprising branching the signal into four parallel signal paths, providing an oscPlator signal, 
mixing the signal in each of said four parallel signal paths with the oscillator signal relatively shifted 0°, 90*, 1B0" and 

^ 270*, respoctivoly, combining said four parallel signal paths into two channels, each with two signal paths with tho 
oscillator signal relatively shifted 160*, and for each channel combining the signals in the two signal paths to provide 
an output signal for the respective channel. The invention is based on the fact that the undesired second order mixing 
product present in tho baseband Is unaffected by tho phase of the signal from the local oscillator. By providing an extra 
mixing path In each channel it Is possible to establish signals Including both the transmitted, phase-modulated signal 

35 and the second order mixer product present In the baseband, where said two terms have the same and the opposite 
sign in tho two mixing paths, respectively. After tho combination, a suppression of tho second order mixing product 
compared with the transmitted signal may be of the order of 70 dB or even higher, when two substantially identical 
mixers are used. 

This provides a method whfch can be used to obtain very high suppression of second order non-llnearitios in an 
<o integrated IQ mixer for direct conversion receivers. 

The invention f urthorrrtoro relates to a converter channel comprising two parallel signal paths provided with a first 
mixer unit and a second mixer unit, respectivefy. An oscillator provides an oscillator signal for the two mixer units, said 
first and second mixer units receiving said oscillator signal with a relative phase shift of 1B0*. The output from the 
mixers Is combined In a combination unit which provides an output signal with Inr^roved suppression of the second 
4S order effect. The disturbing second order term is substantially leveled out by subtracting the two subchannel signals 
from each other. 

The invention furthenmore relates to a quadrature down converter comprising an input for receiving a signal for 
down conversion; a branch for branching the signal received on the input into two channels, each of said channels 
comprising two parallel signal paths; and an oscillator for providing an oscillator signal for use in mixer units. Tho first 

so one of said two signal paths In each of said channels Is provided with a first mixer unit for down-converting the signal 
in the path, said first mixers receiving said oscillator signal with a relative phase shift of 90* relative to each other. The 
second signal path in each of said channels Is provided with a second mixer unit for down-convening tho signal In tho 
path, said second mixer In said two channels receiving said oscillator signal with a relative phase shift of ISO'relative 
to the first mixer in the same channel. A combination unit In each channel provides an output signal for the respective 

ss channel by combining tho signals in tho two paths of tho channel. 

The Invention will be explained more fully below In connection with a preferred embodiment and with reference to 
the drawing. In which: 
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fig. 1 illustrates tho basics of a mixer; 

fig. 2 illustrates the structure of a first ombodiment of a converter accorcftng to the Invention; 

5 fig. 3 illustrates the structure of a first embodtment of a quadrature (Q down mixer according to the Invention; and 

fig. 4 Illustrates tho structure of a second and preferred embodiment of the quadrature IQ down mixer according 
to the invention. 

10 In fig. 1 . a simple mixer 1 followed by a low-pass filter 2 is shown, in a direct conversion receiver, the desired input 
signal is centered around tho same frequency as the local oscillator frequency. 
Now let us define the following signals: 



Desired ^put signal: S^(t) = mQ(t) costco^t + <PQ(t)) (1 ) 

Undesired tnputsignal: Sy(t) = m^(t)cos(cD,t+(?^(t)) (2) 

Local oscillator S^(t) = K cosCOqI -wpg) (3) 

Hero tho doslrcd and tho undoslrcd signals aro arbitrary phaso* and amptitudo-modulatod signals, white tho local 
oscillator has a constant phase and amplitude. It is further assumed that tho distance In frequency between the unda- 
sired and the desired signal is greater than the cut-off frequency of the low-pass filter at the output. 

If non-!fnearitio5 up to tho 3rd order aro taken into consideration, tho mixer operation can bo described by the 
general expression: 

30 2 = aX, + bXg + cX,* + dXg^ + 0X^X3 + fX, Xg^ + gX,% + hX,^ + pXj^ + 

fourth and higher order mixer products, (4) 
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where X^ is the Input signal, Xj the local oscillator signal and Z the mbcer output. 

In the above equation (4), the first two terms represent a non-infinite isolation from respectively the input and the 
local oscillator port to the output port, while the 3rd and the 4th terms represent the disturbing socond order non- 
linearities. The 5lh term represents tho desired mixer operation, while the 6th, 7th, 8th and 9th ternns represent 3rd 
order effects. 

If we now insert: X,(t) = S^O) + S„(t) and X2(t) = S^(X) and we look at the output signal. Y(t). after the low-pass 
filtering, we get the following expression: 

Y(t) = VWK^ Vicrc\^(X) + >km,^(t) + ^eKmo(t)cos((Po(t) • (p^) (5) 
In this expression, the following observations can be made: 

S^K^ is a pure DC contribution which, for a given mixer, only depends on tho local oscillator level. 

)(cmo2(l) Is a signal coming from the squared amplitude modulation of the desired input signal. Its spectrum Is 
located around DC. 

)km^^(t) is a signal coming from the squared amplitude nr)odulation of the undesired signal. Its spectrum Is located 
around DC, 

lteKmo(t)cos[9o(t) <p2) ^3 desired signal, down<onvortcd to baseband, and subjected to a phaso shift. 
It will be seen that all the undesired components at the output of the low-pass filter come from second order effects 
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In the mixer, and are thus related to the 2nd order Intercept point of the mixer and the lack of isolation between the RF 
and the LO ports. 

Reference is now made to the diagram shown (n fig. 2. in which two parallel branches each contain a efrr^le mbcer 
1 . 1 and 1 .2, respectively, followed by a low-pass filter 2. 1 and 2.2, rospoctivoly. The sign of the oscillator signal fed to 
5 the two mixers 1.1 and 1.2 is plus and minus, respectively. This corresponds to a ISO" phase shift. The same mathe- 
matical calculations as above are carried out for the two branches. The following results are obtainable: 

Y^(t) = \i6K^ + y^cm^^iX) + 14cm,^(l) + V6eKmo(t)cos(9(j(t) - tpj), and 

YjCt) = YidK^ + + ^^cm,^{t) - l4eKmQ(t)cos(9Q(l) - cpg) (6) 

It will bo seen that the only difference in the two expressions Is that the desired output term changes its sign. The 
undeslred terms are not dependent upon the phase of the local oscillator signal and are thus unchanged. 
IS Now by simple subtraction in a combination unit or a subtraction unit 3, we get: 



Y(t) =Y,(y).Y2(t) 

= eKmo(t)cos(9o(t)-q)2) (7) 

As will be seen, the result is that the undesired components have been eliminated and only the desired down- 
convoncd baseband signal is left. It can bo shown that most of the disturbing terms from higher oven order non- 
lineartties are canceled as well. 

In the figure the final improved IQ down mixer for direct conversion is shown. The traditional quadrature IQ down 
mixer has now boon replaced by a new circuit, where each branch now consists of the Improved structure, discussed 
30 above. 

It is Important that the final IC layout Is done with care so that the four mixers operate under equal conditions. 
However. It can bo shown that oven if the mixers are not totally matched concerning gain and phase, a very considerable 
improvement in second order suppression will still bo obtained. 

A first embodiment of a quadrature IQ down mixer according to the invention Is shown in fig. 3. This embodiment 
of the quadrature IQ down mixer is used In a rocoivor for a hand portable phono wh Ich may communlcato with a cellular 
network, e.g. the GSM network. As will be seen from fig. 3, the down mixer receives an input signal for down conversion 
from an RF part {not shown) and delivers a down-converted quadrature signal to a Digital Signal Processing unit (DSP 
• not shown). When the converter is used in a GSM phone, the received signal may be described by the sum of the 
expressions (1) and (2). Mo(t) and m,(t) are the amplitudes of the envclopo curves, and those may vary over t'tmo. Ttie 
^0 signal acts as If it Is amplitude-modulated, but there Is no information present in the amplitude modulation. 

The signal received by the down mixer may bo the RF signal received by the RF unit, whereby the carrier frequency, 
o^Tc, will bo within the frequency band 935-960 MHz dcpcnd'ng on the transmission channel. This requires that the 
local oscillator may be adjusted to correspond to the channel used. Alternatively, the RF part 2 may down-convert the 
RF signal to an IF signal with a fixed carrier frequency, e.g. of the order of 400 MHz, Then the k>cal oscillator has to 
^s bo stable on the same frequency, (^^(t) is the phase modulated information-carrying signal. 

However in the shown embodiment, the down mixer Is used as a quadrature converter which receh^es a signal 
with a carrier frequency of 400 MHz. From the input of the converter, a branch 4 branches the signal into two channels 
5 and 6. The two channels 5 and 6 define an I channel and a Q channel, respectively. Both the I channel and the Q 
channel comprise two parallel signal paths, whereby the down mixer according to the Inventlwi comprises four parallel 
so and Identical signal paths 7-10. 

Each of sakJ paths 7-1 0 comprises a mixer 1 1 -1 4 in which the input signals (1 ) and the oscillator signals are mixed. 
The high frequencies are subsequently removed by respective low-pass filters 15-18. 

A local oscillator 1 9 generates a sine signal with a frequency corresponding to the carrier of the Input signal. Local 
oscillators for quadrature converters outputting both an in-phaso oscillator signal and a 90° shifted oscillator signal are 
55 presently available. The in-phase output from the local oscillator 1 9 is fed to tho I channel 5. Hero the local oscillator 
output Is fed directly to the mixer 12 In the first path and is fed to the mixer 11 shifted 1B0* in phase by means of a 
phase shifter 20. Accordingly, the output from the tow-pass filter 15 may be expressed on the basis of the expression 
(8) and be as follows: 
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Yt5(t) = y2emo(t)kocos((p(l)-180°) + 'AdK^ + yzcmo^(t) + /icmi^t) 

5 

= -J4 emo(t)kocos9(t) + VzdK^ + /.cmo^(t) + Vicm^^H) (8) 

10 where ^m(t)kocos9(l) is the down-convertsd in-phase signal, and JWK^, iir}Q^i) and Jfcm,Z(l) are time-varying con- 
tributions depending on the mixor and the annplitudo of the rocofvod signal and the oscillator signal. 
Similarly, the output from the low-pass filter 16 may be expressed as: 

IS Yi6(l) == y2emo(t)kocoscp(t) + y*dK^ + Vicmo^O) + /2cm,^(t) 

= Yz emo(t)kocoscp(t) + I4dK^ + y^cmo^t) + 'Aom^^t) (9) 



so 



25 



The output from the I channel may be found by subtracting the output from the first low-pass filter 15 from the 
output from Iho second low-pass filter 16 in a subtraction unit 22. TTie resulting output from the subtraction unit 22 will 
thoreforo bo: 



Y,^,„„e,(t) ='Y,6{t).Y,5(t) 

JO 

= emo(t)kocos<p(t) (10) 

Similar considerations may be made for the Q channel. The quadrature output (shifted 90* In phase) Is fed to the 
35 Q channel 6 from the local oscillator 19. Here the local oscillator output is fed directly to the mixer 13 and to the mixer 
14 shifted leo** In phase by moans of a phase shifter 21. Accordingly, the output from the lowisass filter 17 may bo 
ftifpressed on the basis of the expressbn (8) and be as follows: 



40 



45 



so 



55 



Y,7(t) = y2emo(t)kocos(cp(t)-90») + YzdK^ + y2cmo^(t) + Yzcmi^ii) 

= -y» emo(t)koSin(p(t) + YzdK^ + yjcmo^t) + Y2cm^^(t), (11) 

where >4 emo(l)koS^n(p(t) Is the down-converted quadrature signal, and KdK2, «T\j2(t) and >$cm,2{t) are time-varying 
contributions depending on the mbcer and the amplitude of the received signal and the oscillator signal. Similarly, the 
output from the low-pass filter 18 may be expressed as: 

Yie(t) = y2emo(t)koco$((p(t).270°) + YzdK^ + y.cmo^(t) + Vicm.^t) 

' -yaemo(t)koSln<p(t) + YzdK^ + y2cmo^(t) + y2cm,^(t) (1 2) 
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Ttio resulting output from the Q channel may bo found by subtracting the output from the first low-pass filter 17 
from the output from the second low-pass fitter IB In a subtraction unit 24. 



Yachannel(t) = Y,a(t) - Y,7(l) 



= emo(t)kosin9(t). (13) 

10 

It can be seen from the expressions (10) and (13) that a compieto romcvai ot the amplitude-modulated second 
order mixer products is obtained. 

A simple method for high suppression ot second order effects In an IQ mixer for direct conversion rccefvors has 
IS been devised. The method Is particularly suitable for Implementation in integrated circuit lechnotegy, where component 
tolerances and layout differences on the same substrate can be minimized. 

A second and prefen-ed embodiment ol the quadrature down mixer according to the invention is shown In fig. 4. 
This embodiment comprises two channels each having two parallel signal paths receiving the oscillator signal shifted 
relatively 1 eO\ All four mixers 31 -34 are identical to each other. The mixers 31 -34 receive a balanced Input - both from 
^ the RF part and from tho oscillator 39 - and output a single ended output signal. 

Due to the balanced inputs to the mixers 31-34. the 1B0'* phase shift of the oscillator signal is obtained by turning 
the polarity ol the balanced input from the oscillator 39 to tho mixers 31 and 34. Similarly, the polarity of the balanced 
input from the RF front (not shown) to the mixers 31 and 34 Is lumod. Hereby tho sign of the output from the mixers 
31 and 34 will have a sign opposite to that of the output from the mixers 32 and 33. 
25 The amplitude-modulated second order mixer products may be removed by a simple superposition ol the output 
from the rnixors in Iho I and Q channels, respectively. By porfomiing the superposition before tho low-pass fillering two 
low-pass filters may be saved. Each channel has a low-pass filter 35 and 37. respectively. 

The I and the Q channels will output tho signal given in equations (10) and (13). 

In view of the foregoing descrlplfon It will be evident to a person sitilted in the art that various modifications may 
30 be made within the scope of the invention. 

The scope of the present disclosure Includes any novel feature or combination of features disclosed therein either 
explicitly or implicitly or any generalisation thereof Irrespective of whether or not it relates to the claimed invention or 
mitigates any or ail of the problems addressed by the present Invention. Tho applicant hereby gives notice that new 
claims may be fomrtulated to such features during proseculbn of this application or of any such further application 
3S derived therefrom. 



Ctatms 

^0 1, A method of down-converting a received, high-frequency signal with improved suppression of the second order 
effect and comprising: 

• branching the signal into two parallel signal paths, 

• providing an oscillator signal; 

4S . mixing the signal In each of said two parallel signal paths with the oscillator signal relatively shifted 0* and 
180*, respectively; 

• low-pass filtering the signals; and 

• combining said two signals into a single output signal such that the second order effects are substantially 
leveled out. 

so 

2. A method according to claim 1 of down-converting a high-frequency signal in a quadrature converter and compris- 
ing: 

• branching the signal Into two channels each having two parallel signal paths with the oscillator signal relatively 
ss shifted 0* and 1 80«. respectively; 

• said two channels being provided as an in-phase channel (I channel) and a quadrature channel (Q channel - 
shifted 90" compared with the 1 channel); 

• combining the signals in said two parallel signal paths in each of said channels, for providing I and Q signals 
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with Improvod suppression of the second order mixer effect. 

3« A method according to claim 1 or 2, wherein the two sisals are combined Into a single output signal by subtracting 
the signal from the signal path with the oscillator signal rolathroly shifted 0' from the signal from the signal path 
5 with the oscillator signal relatively shifted 180**. 

4. A method according to claim 1 or 2, wherein the mixors In the signal path are equal to balanced inputs and a single 
ended output, wherein the polarity of both the oscillator signal and the received high-frequency signal is Inverted 
for one of said two signal paths, and wherein the output signals from the mixers are superposed. 

10 

5. A down conversion mixer channel comprising : 

an Input for receiving a signal for down conversion; 

two parallol signal paths provided with a first mixer unit and a second mixer unit, respectively; 
'5 - an oscillator for providing an oscillator signal for the two mbcer units; 

the first and second mixer units receiving said oscillator signal with a relative phase shill of 180* relative to 
each other, and 

a combination unit for providing an output signal by combining the signals In the two paths. 
^ 6. A quadrature down converter comprising : 

an input for receiving a signal for down converston; 

- a branch for branching the signal received on the input into two channels, each of said channels comprising 
two parallol signal paths, 

2S . an oscillator for providing an oscillator signal for use In mbcer units; 

• the Tisl one of said two signal paths In each of sakJ channels being provided with a first mixer unit for down- 
converting the signal in the path, said first mixers receiving said oscillator signal with a rolativo phase shift of 
90' relative to each other, 

- the second signal path in each of said channels being providad with a second mixer unit lor down-converting 
30 the signal in \ho path, said second mixer In said two channels receiving said oscillator signal with a relativo 

phase shift of ISO"* relative lotho first mbcer in the same channel; and 

• a combination unit in each channel for providing an output signal for the respective channel by combining the 
signals in the two paths of the channel. 

55 7. A converter according to claim 6. wherein the oscillator Is provided with firs! and second outputs, and wherein the 
second output is shifted 90* in phase compared with the first output. 

8. A converter according to claim 8 or 7, wherein the combinatic?n units subtract the signals in said two signal paths 
from each other. 

40 

9. A converter according to claim 6 or 7, wherein said mbters In the signal paths are equal to balanced Inputs and a 
single ended output, in each of said two channels said relative phase shift of 160" between the oscillator signals 
received by the two mixers in the first and second signal paths Is obtained by inverting the polarity of the mbcer 
Input for the oscillator signal for one of the mixors compared with the other, 

45 

10. A converter according to claim 9, wherein the polarity of the Input of one of the two signal paths in each channel 
for the received signal for down conversion is shifted 180* in phase compared with the other, and wherein tha 
single ended outputs from the mixers are added to obtain the output signal of the channel. 

so 1 1 , A cellular phone including a converter according to claims 6*1 0, 

12. Use of a cellular phone Including a converter according to claims 6-10 in a GSM phono fuffilling the phase 11 
requirements given in the GSM specifications. 

55 
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